This study determined which microbiologic, clinical, demographic, and behavioral factors are associated with corneal infiltrative events (CIEs) during continuous wear of silicone hydrogel (SH) contact lenses.
S
ilicone hydrogel (SH) contact lens materials have significantly improved the cornea's physiological response to contact lens wear compared with their low-oxygen-permeable (Dk) hydrogel counterparts. [1] [2] [3] [4] However, since their introduction into the global market, SH lenses have not reduced the risk of microbial keratitis compared with low-Dk hydrogels. [5] [6] [7] In addition, compared with low-Dk hydrogel lenses, SH lenses are associated with a twofold increase in the incidence of corneal infiltrative events (CIEs). 8, 9 CIEs are a result of a stimulus that causes directed infiltration of leukocytes into the cornea. 10 Overnight contact lens use 9, [11] [12] [13] [14] and bacterial adhesion to lenses [15] [16] [17] [18] [19] [20] significantly increase the risk of CIEs. During uneventful extended wear of low-Dk lenses, approximately twice as many lenses are sterile compared with lenses worn during a CIE, and although pathogenic bacteria are occasionally cultured from lenses during uneventful extended wear, their presence is substantially and significantly higher during a CIE. 17 An association between microbial contaminants on SH lenses and development of CIEs has not been reported.
With regard to the available data surrounding microbial contamination of contact lenses and CIEs, 15,18 -20 there is evidence that CIEs are acute inflammatory reactions to the presence of bacterial toxins, enzymes, and byproducts on lens surfaces. 21, 22 However, there are wide gaps in this knowledge. For example, no microorganisms are found on approximately 22% of lenses of patients experiencing a CIE, 17 and often patients can exhibit heavy colonization of pathogenic bacteria on their lenses, yet remain event free. 15, 17, 23 A break in the corneal epithelium may be a predisposing factor that initiates a CIE in the presence of microorganisms. There is a debate about whether corneal surface disruption, as manifested by superficial corneal fluorescein uptake (corneal staining), is a sufficient breach in the epithelial barrier to predispose oa patient to a CIE. 24 , 25 Carnt et al. 26 found a threefold increased risk of asymptomatic CIEs in subjects exhibiting solution-induced staining during soft lens daily wear. During extended wear, corneal staining posed a sevenfold greater risk for the subsequent development of a CIE. 27 However, in neither of these studies was there a control for the effect of lens contamination.
Other risk factors for the development of CIE during continuous wear of SH lenses include younger age 28 -30 (especially when combined with smoking), 31 being male, 14, 29 blepharitis and bulbar redness (Carnt N, et al. IOVS 2002; 43 :ARVO E-Abstract 3111), limbal redness, 27 high refractive error, 30 failure to achieve the intended wearing schedule, 30 and a history of CIEs. 31 In none of these studies was there a control for the effect of microbial lens contamination.
In this prospective study, we examined factors that are independently associated with increased risk of CIEs from continuous SH lens wear. The association between microbial contamination of SH lenses and the development of CIEs was of interest, as the incidence of CIEs is doubled during the continuous wearing of SH lenses compared with the wearing of low-Dk hydrogels, 8, 9 and microbial contamination has been a known risk factor for these types of inflammatory events during low-Dk lens wear. [15] [16] [17] [18] [19] [20] We used multivariate modeling to quantify and control the impact of lens microbial contamination on the risk for a CIE while other risk factors, such as corneal staining, were explored. The information reported herein will be helpful for practitioners as they select and monitor patients for continuous wear of SH lenses and for manufacturers as they design future generations of similar lenses.
METHODS

The Longitudinal Analysis of Silcone Hydrogel Contact Lens (LASH) Study Cohort and Design
The LASH Study was a 12-month prospective cohort study of subjects fitted with lotrafilcon A lenses (Night and Day Lens; Ciba Vision, Duluth, GA) for up to 29 consecutive nights of continuous wear, with monthly disposal. The study was approved by the University Hospitals Case Medical Center Institutional Review Board, all subjects signed a written informed consent before participation, and the study adhered to the tenets of the Declaration of Helsinki. Baseline data for the study subjects are shown in Table 1 .
Neophyte subjects were defined as subjects who had not worn contact lenses for the preceding 12 months or longer. Any neophyte subject first entered a 2-week daily wear phase with a hydrogen peroxide-based disinfection system (Clear Care; Ciba Vision). All daily wear-adapted neophytes and all other lens-wearing subjects began continual overnight use and returned for visits after 1 week and 1, 4, 8, and 12 months. The subjects also returned for unscheduled visits during acute symptomatic events as needed. They documented scheduled and unscheduled lens removals in diaries that were used to calculate lens age at each visit. Although 29 nights of CW was attempted by each subject on a monthly basis, if premature lens removal occurred, the subjects cleaned and disinfected their lenses with the disinfection system before reinsertion. At every visit, including the unscheduled ones, each eye was assessed for the presence of a CIE according to definitions adopted from the standards listed in the "Institute for Eye Research/L.V. Prasad Eye Institute (IER/LVPEI) Guide To Corneal Infiltrative Conditions." 32 In addition, a clinical severity matrix, modified from that originally described by Aasuri et al., 33 and Morgan et al. 34 was used to generate a cumulative CIE score per eye for each subject visit (Table 2) . A score Ͼ2 indicated the presence of an active CIE.
Collection and Classification of Covariates
Demographic and social covariates of interest included age, race, refractive error, history of adverse events, level of education, smoking status, and health status between visits. Health status was modeled as a binary time-dependent covariate and noted as positive if a subject reported experiencing a cold, flu, or other viral infection between visits. Ocular covariates were drawn from the affected eye at any visit (including unscheduled visits) preceding a CIE, or any visit for eventfree subjects, unless otherwise noted. Efron Grading Scales 35, 36 were used for grading blepharitis, meibomian gland dysfunction, corneal neovascularization, epithelial microcysts, and corneal edema. The IER grading scales 37 were used for grading upper tarsal plate redness and roughness, limbal redness, bulbar redness, and conjunctival and corneal staining. Aqueous tear production was assessed with an unstimulated, anesthetized Schirmer test.
Corneal staining was assessed after addition of sodium fluorescein (BioGlo ophthalmic strips; Hub Pharmaceuticals, Rancho Cucamoga, 38 Type, surface area, and density of corneal staining were recorded in each of five corneal zones according to modified versions of the IER staining criteria, as listed in Figure 1 . Each image series was graded by two trained readers and adjudicated by a third reader. Staining variables of interest were those that represented chronicity or higher severity and were modeled as binary fixed covariates. The presence of at least mild or moderate stain was determined using the criteria as listed in Table 3 . Chronicity was classified as positive if the subjects experienced two or more episodes of staining across visits.
Aerobic cultures were performed from samples taken from lid margins and conjunctival surfaces at baseline, and after 1 week and 4 months of wear. Lenses were aseptically removed and aerobically cultured after 1 week and 4 months of wear. Lids, conjunctivae, and contact lenses were also cultured during any adverse event. The methods and results of lid and conjunctival cultures have been published. 39 The methods for culturing contact lenses used an adaptation of an agar overlay technique that has been used routinely in extended-wear clinical trials. 16 -18,20,40,41 The culture technique and definition of bacterial bioburden used in this study have also been published. 39 Briefly, the bacterial bioburden was stratified into three categories: (1) the presence of any bacterial species, regardless of whether it was considered a pathogenic or commensal microbiota; (2) the presence of pathogenic species only; and (3) "substantial bioburden" if either high levels of commensal ocular biota or organisms of low pathogenicity were present, or if any level of pathogenic organisms was detected. [42] [43] [44] The second column in Table 4 lists the magnitude of the bacterial load necessary for classification of a substantial bioburden, stratified by species. Lens bioburden was modeled as both a time-dependent and a fixed covariate.
Statistical Methods
The sample size was based on the null hypothesis that the proportion of subjects experiencing a CIE is the same in those with corneal staining and those without (type I error ␣ ϭ 0.05, with 80% power). With the normal ( 2 ) approximation of the binomial test, estimated prevalence of CIEs of 0.2 in the exposed and of 0.01 in the unexposed, as extracted from previous studies, 27 a combined total of 98 subjects was needed. Up to five more factors were hypothesized to play a role in the final model. Thus at least 20 observations for each additional variable were necessary. 45 Therefore, 100 additional subjects were needed, increasing the desired sample size to 198. Last, to account for loss to follow-up, the sample size was increased by 5%.
Time-to-event analyses were conducted. Only the first occurrence of any CIE, regardless of score in either eye, was counted. If a subject FIGURE 1. Example of grading of photographic corneal staining. Each of the five corneal zones was graded for staining type, surface area, and density. In this example, zone 5 was graded by the masked readers as a macropunctate stain, with a 31% to 45% surface area, and moderate density. On this visit, this eye was classified with overall moderate stain. This subject ended the study event free. had a bilateral first event, the eye with the more severe CIE was used. Data from visits preceding the CIE were drawn from the eye that had the event, with one exception: Lens microbiology assessments were drawn from the visits preceding the event as well as at the time of the event. For subjects who remained event free throughout the study, the covariates from the left eye were used in the analysis. Events were assumed to occur at the time of the visit in which they were first detected. The cumulative unadjusted probability of remaining CIE free was estimated by the Kaplan-Meier (KM) method. Univariate analyses of exploratory variables were performed by using KM plots stratified by presence or absence of demographic, clinical, and microbiologic covariates. The log-rank test was used to test for differences between the KM curves when stratified by these variables. The univariate Cox proportional hazards regression was used to determine initial assessments of risk of each covariate. Graphic analyses (log-log plots) were used to test for the assumption of proportionality of hazards for each covariate. Biologically plausible covariates (age and sex) as well as the variables found to be significant at P Ͻ 0.10 during univariate analyses were entered in a multivariate Cox proportional hazards model (SAS, ver. 9.1.3; SAS Institute, Inc., Cary, NC).
Analyses were first performed on data obtained through the 12-month visit. Subsequent analyses were limited to the first 4 months of follow-up because routine lens cultures were not performed past this time point. Only subjects presenting for CIE or other problem-oriented visits provided cultures between 4 and 12 months. The study was originally designed in this manner because resident lens and ocular surface microbiota have not been shown to change with repeating sampling. 41, 46 Limiting the analysis to the first 4 months was performed to limit potential information bias that could occur by failure to capture microbiology data in the problem-free subjects past the 4-month visit.
RESULTS
Subjects and Incidence
From October 2006 to February 2008, 205 subjects were enrolled and completed 1166 visits for 134.3 person-years of follow-up. This analysis was limited to the 1047 person-visits that occurred before the event of interest. Overall, 89 (43.4%) subjects completed the 12-month follow-up event-free. Fiftyeight (28.3%) subjects discontinued because of adverse events, 23 (11.2%) experienced discomfort precluding successful extended wear, 18 (8.8%) were lost to follow-up, and 17 (8.3%) discontinued for other reasons (pregnancy, relocation, excessive time commitment). Figure 2 outlines the discontinuations by length of time in the study. Those prematurely censored were more likely to be neophytes than were those subjects remaining under observation (P ϭ 0.04).
The mean age of the lenses at time of collection was 26.3 days (range, 1-52 days), and the median age was 29 days. The majority (81.8%) of lenses were worn between 21 and 30 days, 3.9% were worn Ͼ30 days, and 14.3% were worn Ͻ21 days at the time of collection.
During the 12-month follow-up, there were 44 incident CIEs in 38 subjects (6 were bilateral events). There were 11 contact lens acute red eye (CLARE) responses, 10 contact lens peripheral ulcers (CLPUs), 17 events of infiltrative keratitis (IK), 5 events of asymptomatic infiltrative keratitis (AIK), and 1 asymptomatic infiltrate (AI). By severity, there were 10 eyes with a score of 4; 5 with a score of 5; 4 with a score of 6; 11 with a score of 7; and 5 with a score of 8. Eight CLPUs were diagnosed by an incident corneal scar and thus had a score of 0. There were no events of microbial keratitis. The KM unadjusted cumulative incidence after 12 months for remaining event free was 73.3% (95% CI, 65.0 -79.9); thus, the cumulative incidence for development of a CIE was 26.7% (95% CI, 20.1-35.0). The KM unadjusted cumulative incidence after 4 months for development of a CIE was 16.7%. Table 3 shows the corneal staining distribution across the 1047 subject visits. Across the 205 subjects, more than half (53.3%) had repeated episodes of mild (or more severe) corneal staining, more than one third (38.1%) had at least one episode of moderate staining or greater, and more than one tenth (11.3%) had repeated episodes of moderate corneal staining or higher. There were no univariate associations between any staining variables (stratified by type, overall severity, and chronicity) and the development of a CIE (log rank test P Ͼ 0.2). Figures 3A and 3B display representative KM curves stratified by presence or absence of at least one episode of moderate corneal stain or greater and presence or absence of repeated episodes of mild corneal stain or greater, respectively. Neither graph displays any evidence of a corneal staining effect throughout the entire study period. Table 4 displays the bacteria isolated from contact lenses stratified by the presence of a CIE and the frequency of substantial bioburden by species. In total, 17 bacterial and one yeast group or species were isolated. The most frequently isolated species was coagulase negative staphylococci (CNS) in both the unaffected and CIE groups, although the frequency of substantial bioburden with CNS in the CIE group was more than double that in the non-CIE group. Other species that displayed large differences in isolation frequency between the two groups included Serratia marcescens, Corynebacterium species, Pseudomonas aeruginosa, and viridans group streptococci, all present in greater than 10% of lenses cultured at the time of a CIE, compared with approximately 1% or less when no CIE occurred. by visit during the entire 12-month follow-up. The frequency of the presence of bacterial bioburden was always greater during a CIE, regardless of type of bioburden (substantial, pathogenic, or any). Although the frequency of bacterial bioburden was greater during symptomatic CIEs compared with asymptomatic CIEs, the differences were not statistically significant, probably because of the small samples in these categories. The frequency of substantial bacterial bioburden on worn lenses at the time of a CIE was 64.7%, compared with only 12.2% to 15.9% during uncomplicated wear. Table 6 presents the univariate hazard for CIE by type of bacterial bioburden after 4 and 12 months of follow-up. The hazard for CIE was greater at 4 months than during the entire 12 months of follow-up for substantial and pathogenic bioburden. The presence of substantial lens bioburden (as opposed to only pathogenic or any species) resulted in the greatest hazard for a CIE at both time points and thus was used in subsequent multivariate analyses. Figure 4 displays the KM plot for development of a CIE stratified by substantial lens bioburden. The percent attributable risk in those subjects with substantial bioburden was 72.3%.
Corneal Staining
Lens Bioburden
Other Covariates
Of the other baseline demographic factors and clinical covariates measured during biomicroscopic evaluations, only two variables were significant at P Ͻ 0.10 for entry into the multivariate model: current smokers (HR, 2.48; 95% CI, 1.09 -5.66) and conjunctival staining noted as grade 2 or higher (HR, 0.43, 95% CI; 0.21-0.87). Figure 5 displays the KM plot for development of CIE stratified by smoking status. Smokers had a relatively consistent increased cumulative incidence of a CIE compared with nonsmokers.
Time-Dependent Analyses
Lens bioburden, in addition to being a fixed variable, was assessed as a time-dependent covariate by quantifying the number of days a subject was exposed to a contaminated lens. In this analysis, subject intervals were used in the KM and Cox proportional hazards models and the numbers of days a subject was exposed to a contaminated lens was assumed to be the same as the known age of the lens at the time of culture. The unadjusted hazards for a CIE if a subject harbored substantial lens bioburden were 13.62 (95% CI, 4.39 -42.23) and 5.87 (95% CI, 2.86 -12.08), over 4 and 12 months of follow-up, respectively.
Almost half (46.4%) of the subjects experienced a cold, flu, or other viral infection at some time point during the study. If a subject experienced such an illness between visits over 12 months of follow-up, the unadjusted hazard for a CIE was 2.11 (95% CI, 1.02-4.36). Table 7 presents the multivariate analyses through 4 and 12 months of follow-up using the fixed covariates found to be significant during univariate analyses as well as the biologically plausible covariates of age and sex. Through 4 months of follow-up, the adjusted hazards for a CIE were significantly greater for subjects harboring substantial lens bioburden and for smokers compared with their referents. Through 12 months of follow-up, the same trend was noted, but the hazards ratio was lower for lens bioburden than in the 4-month data.
Multivariate Analyses
In multivariate models with lens bioburden and health status used as time-dependent covariates, the hazards ratio for a CIE was 15. 
DISCUSSION
In the LASH Study, the unadjusted cumulative incidence for a CIE with continuous wear of lotrafilcon A SH lenses was approximately 26.7% after 1 year. Contact lens-related CIEs are the end result of the normal defense mechanisms of the ocular surface, as it encounters foreign substances. Although CIEs are known to occur in healthy noncontact lens wearers, 47, 48 it is well documented that contact lens use significantly increases the risk and severity. 17,48 -54 On the high end, Sankaridurg et al. 55 reported the incidence of CIEs as 36% in a group of subjects wearing low-Dk disposable lenses for extended wear.
The incidence of CIEs reported herein is higher than that previously reported for this lens type and mode of wear, 27, 30, 56 as a result of differences in outcome definition and frequency of follow-up. For example, Chalmers et al. 30 reported an incidence of 2.6% which represented symptomatic lotrafilcon Awearing subjects in a phase IV postmarket surveillance study. Their study captured only the events that resulted in a red or uncomfortable eye that needed clinician intervention. We (LSF and SD) reported a cumulative incidence of 5.7% after 1 year, and 10.3% after 3 years in a separate longitudinal study of 317 lotrafilcon A lens wearers observed every 6 months across 19 clinical sites. 27 Biomicroscopy signs were graded according to the 0-to 4-point pictorial Efron Grading Scale. Subtle AIs or incident CLPU scars may not have been noted. In the LASH Study, all CIEs were recorded, including AIK, AIs, and CLPU events detected as incident scars. In addition, the shorter intervals between visits in the LASH Study provided more opportunity to capture transient asymptomatic events. Last, subjects were frequently reminded to present promptly for any episode of red eye or discomfort, regardless of severity and perceived speed of resolution. These factors enabled us to capture more incident CIE events.
Mild corneal staining was common in this study; however, the staining evident at study visits was not associated with the occurrence of a CIE. Sodium fluorescein stains areas of loss of epithelial integrity; it does not penetrate the intact corneal tissue or stain vital tissue. 57 In this regard, there was sufficient rationale to consider subtle epithelial trauma (as captured by the corneal staining response) as a plausible risk factor for CIEs. At least one infiltrative event, CLPU, has already been associated with minor ocular surface trauma 58, 59 and Grampositive bacterial contamination of lens surfaces (Willcox M, et al. IOVS 1995;36:ARVO Abstract 734). 16, 18, 60 Because firstgeneration SH lenses are stiffer than most hydrogel lenses and they are associated with other mechanical complications such as subepithelial arcuate lesions, 61 it is feasible that mild mechanical epithelial trauma with SH materials is related to CIE production. The lack of an association between corneal staining and CIEs in this study does not rule out that an epithelial breach may be a predisposing factor in CIE development. It simply reflects that superficial corneal staining, as captured during uneventful clinical visits, even if present in a repeated fashion, is not associated with an eventual infiltrative response. In fact, our findings are supported by Fleiszig, 62 who showed in animal models that the superficial epithelium can be severely abraded in the presence of virulent strains of Pseudomonas species with no increased susceptibility to infection. 62 The lack of an association between corneal staining and CIEs found in the LASH Study contradicts findings from previous work by us (LSF, SD), 27 which can be explained by differences in study design. In the previous study, 27 a simple grading scheme for corneal staining was used and filters (Wratten; Eastman Kodak) were not required. As a consequence of that methodology, the incidence of staining in that cohort was only approximately 16%. Thus, in our previous study, we very likely underreported corneal staining, resulting in exposure misclassification.
As expected, the presence of substantial bacterial bioburden on worn contact lenses was significantly associated with the development of a CIE. In fact, other than smoking, it is the only statistically significant risk factor for CIEs in this study. This study is the first in which the association was quantified between overall bacterial bioburden on SH lenses and CIEs. The best estimate is at least an eightfold increased hazard for a CIE if substantial bioburden is present on SH lens surfaces; this Cumulative probability of remaining CIE free Cumulative probability of remaining CIE free FIGURE 5. The unadjusted cumulative probability of remaining CIE free, stratified by the presence or absence of smoking. estimate is taken from the multivariate analysis using 4-month data with lens bioburden modeled as a fixed covariate. The 12-month dataset is limited in relation to the exposure classification of lens bioburden. That is, only CIE subjects and disease control subjects were sampled past the 4-month visit; the CIE-free subjects retained the classification of lens bioburden, as was determined in the first 4 months of the study. These disease controls were CIE-free subjects who presented for other problems and non-CIE-related adverse events. The incidence of positive cultures in this group was greater than in the group with no events. Either these other adverse events were also associated with bacterial bioburden, or the discomfort secondary to the problem prompted lens manipulation and contamination. Selectively culturing lenses during problemoriented visits resulted in a lower hazard for CIEs using the 12-month dataset compared to the 4-month dataset. Therefore, although the 4-month dataset assessed fewer CIEs, it is probably more accurate than the 12-month dataset because of potential exposure misclassification. Future studies can avoid this bias if culture of all remaining CIE-free subjects at the end of the follow-up period is included in the study design. The time-dependent analyses resulted in significantly greater hazards of CIEs for substantial lens bioburden at both follow-up times. The time-dependent approach quantified the number of days a subject was exposed (or not) by using the age of the lens and microbiology status at time of culture. There are limitations to this approach, because it was assumed that the lens bioburden status assessed at time of culture had remained constant since the lens was inserted. In fact, there is no method of predicting when contamination (or lack of) occurs during each 30-day wear cycle. A presumed sterile lens from the package can become contaminated in a sporadic and unpredictable manner rather than in a steady accumulation over time, 63 and a contaminated lens (from hand contact) can become sterile after 5 hours of lens wear. 64 Despite these limitations, the time-dependent approach is desirable for covariates that change over time. The fact that the hazard for a CIE is significantly greater when bacterial bioburden is modeled as a timedependent covariate suggests that lens bioburden lies in the causal CIE pathway and that its effect is more acute than not. In other words, the time-dependent approach is better able to capture the fact that the risk of a CIE is substantially diminished each time a new, sterile lens replaces a contaminated lens at the beginning of each 30-day wear cycle.
Of the 38 subjects with incident CIEs, aseptic removal techniques may not have been practiced in 12 of them, because lens removal was initiated as would be expected during a symptomatic event. Although the subjects presumably removed the lenses with washed hands and placed them in unpreserved saline within unused cases, there is still potential for hand contamination with normal skin microbiota. However, the effect of hand contamination on the results is dampened, as the saline used to transport the lenses most likely washed off some of the loosely bound organisms. In addition, of the 12 self-removed lenses, only four harbored CNS (normal skin flora); the remainder harbored high levels of pathogenic bacteria or were sterile.
The finding of an association between bacterial bioburden and CIEs is not novel 15, 16, 19, 20, 59, [65] [66] [67] ; however, this study is the first in which the association was quantified in SH lens wearers. Furthermore, certain SH lenses bind more microorganisms than do low-Dk lenses, 68 -70 which may explain why there is a higher rate of CIEs observed during SH lens wear. 8, 9 Normal ocular biota include CNS, Corynebacterium, Micrococcus, Bacillus, and Propionibacterium species. 40, 43, [71] [72] [73] [74] [75] In the LASH study, the five most commonly isolated organisms associated with a CIE were Serratia marcescens, Pseudomonas aeruginosa, viridans group streptococci, Corynebacterium species, and CNS. Although some of these organisms are considered normal microbiota, our results suggest that they can initiate an immune response when found in high numbers on contact lenses worn in a static continuous-wear environment. In addition, some CNS such as certain strains of Staphylococcus epidermidis are pathogenic, such as invasive or biofilm-forming S. epidermidis strains. 76, 77 In this study, we were not able to distinguish which specific CNS species or strains were associated with a CIE, because isolates were not routinely speciated.
Although the predominant risk factor for development of CIE was bacterial contamination of lenses, approximately 20% of lenses worn during a CIE were sterile. There are several explanations for this finding. First, by design, only viable aerobic bacteria or yeast were cultured from the study lenses, because anaerobes have rarely been associated with contact lens-related adverse events. However, the Gram-positive anaerobic bacilli of the Propionibacterium genus are normal inhabitants of the eye, 40, 43 and have been cultured off worn contact lenses. 40, 63 Therefore, sterile lens cultures may simply reflect the absence of viable aerobic organisms. Furthermore, viable organisms are not necessary to initiate an immune response. Pearlman has shown that microbial breakdown products, such a lipopolysaccharide found on Gramnegative bacteria, can activate Toll-like receptors in the corneal epithelium and stimulate an inflammatory response in the absence of live organisms. 21 Smoking has frequently been reported to be a risk factor for CIEs 14, 30, 31 and microbial keratitis. 34,78 -80 In the present study, we also found that smoking was associated with a CIE. The mechanisms of this relationship are probably multifactorial and may be partly causal and partly confounding. The adverse effects of smoking may stem from toxins, 81 increased pathogens in the subject's resident microbiota, 82, 83 changes in mucous membranes, 84 or there may be a confounding effect with other unmeasured risk-taking behavior, as there is evidence of clustering of risky health behavior in the primary care setting. 85, 86 In summary, CIEs related to continuous wear of SH lenses are not associated with asymptomatic corneal staining captured during uneventful examinations at times preceding the event. The presence of substantial bacterial bioburden on lenses and smoking are prominent risk factors for development of a CIE during CW. The hazard for a CIE increases more than eightfold in the presence of substantial lens bioburden, and 72.3% of the total risk of CIE in those with substantial lens bioburden is attributable to this exposure. Based on this information, novel antimicrobial lens surfaces should lower this risk of CIE, as has been shown in animal models. 87 
